The root bark of Osyris lanceolata was screened for its antioxidant potential using three variations of the DPPH radical scavenging method viz a TLC-autographic assay, a semi-quantitative TLC assay, and a spectrophotometric assay. The total phenolic content was evaluated as gallic acid equivalents (GAE) using the Folin-Ciocalteu method. The powdered root bark was extracted sequentially with n-hexane, chloroform, methanol and 90% methanol/water. A separate supercritical fluid extraction (SFE) of the root bark was also carried out. The radical scavenging ability, as measured by IC 50 values, was found to be 48.4 ± 0.4 and 49.5 ± 1.9 µg/mL for the 90% methanol/water and methanol extracts respectively, while those of the chloroform, n-hexane, and SFE extracts were found to be > 250 µg/mL. Under the same conditions, the values for the standards, ascorbic acid and gallic acid, were found to be 38.70 ± 0.08 and 2.86 ± 0.01 µg/mL respectively. The radical scavenging power of the five extracts correlated positively with the total phenolic content and was ranked in the following decreasing order: 90% methanol/water > methanol > chloroform > SFE > n-hexane with total phenolic contents of 290.2 ± 3.3, 271.0 ± 3.7, 74.4 ± 0.8, 62.5 ± 0.4 and 49.5 ± 1.9 mg GAE/g of dry extract, respectively. The 90% methanol/water and methanol extracts showed several components with high antioxidant activity displaying fast kinetics in both TLC assays, while the chloroform, SFE, and n-hexane extracts exhibited slow kinetics antioxidant activity.
All living organisms rely on oxidation reactions (oxidative metabolism) for production of the energy required for physiological and biochemical processes and hence the survival of the organism. A side effect of the oxidation process however, is the production of free radicals and other reactive oxygen species (ROS) such as singlet oxygen ( 1 O 2 ), hydrogen peroxide (H 2 O 2 ), superoxide anion (O 2-) and hydroxyl radical (·OH). An excess of ROS in the organism promotes destructive cellular effects by oxidation of membrane lipids, cellular proteins, DNA and enzymes. There is increasing scientific evidence linking the pathogenesis of many diseases, including diabetes mellitus, cancer, rheumatoid arthritis, atherosclerosis and aging, to these free radical by-products of oxidative metabolism [1] . Current scientific research to address this problem is focused on natural rather than synthetic antioxidants that can either scavenge or block the harmful effects of ROS and hence prevent disease. This surge of interest in natural antioxidants is due mainly to concerns about the safety of synthetic antioxidants like butylated hydroxyltoluene (BHT) and butylated hydroxylanisole (BHA) that are used in preserving foods, but are now feared to be carcinogenic [2] . Generally, there are growing beliefs fueled by the worldwide green revolution that herbal or natural medicines are safer and less damaging to the human body than purely synthetic drugs. Moreover, there is mounting scientific evidence supporting the fact that many observed pharmacological activities of plant extracts, such as anti-diabetic, prevention of risk of Alzheimer's disease, antiviral/anti-HIV, anticarcinogenic, and prevention of cardiovascular disease, are directly linked to their antioxidant activity [3] [4] [5] [6] [7] . Screening for antioxidant activity in plants is thus desirable as it serves not only to identify potential antioxidants, but also as a preliminary assessment of their medicinal value.
An overabundance of testing methods for antioxidant activity have been developed and these methods vary so widely in their reaction mixture composition, standards and analytical procedures that the reported antioxidant activity depends on the method and the test system used [8] . Due to this huge variability in experimental conditions, the data obtained by different researchers are difficult to compare and interpret [9] . In addition, natural antioxidants are multifunctional in their activity and mechanism of action whilst the test methods are generally only one-dimensional and cannot evaluate the influence of all the relevant parameters accurately [10] . A multi-assay approach involving the evaluation of more than one antioxidant parameter is, therefore, recommended and standardized methods need to be developed [8] [9] [10] . This paper describes, in detail, the application of the free radical scavenging potential assay using DPPH and determination of total phenolic content of a Botswana medicinal plant. Experiments based on these two methods were adapted from the literature and standardized for use in our laboratory. In this study, extracts of the root bark of Osyris lanceolata Hochst. & Steud.
(Santalaceae), obtained with the assistance of a traditional herbalist, were used.
O. lanceolata is synonymous with O. abyssinica and O. quadripartita. Its local name in Botswana is "morogabaloi". It is also known in other parts of Africa as African sandalwood, mpete, barkbush and Transvaal sumach. O. lanceolata is a versatile medicinal plant whose roots are used traditionally in Botswana to cure kidney pain [11] ; in South Africa for infertility, gynaecological problems, venereal diseases and as a styptic agent for wounds [12, 13] ; in Tanzania for cancer treatment [14] ; and in Kenya, by the Kikuyus, for malaria treatment [15, 16] . As a plant with so many uses medicinally, O. lanceolata was considered a potential source of natural antioxidants and bioactive compounds. No literature was found on either the bioactivity or chemical constituents of O. lanceolata thus this is the first report on the bioactivity of this plant.
Three different procedures were used for the DPPH radical scavenging method viz i) a qualitative TLC autographic assay ii) a semi-quantitative TLC assay and iii) a quantitative spectrophotometric assay. The total phenolic content was determined by using the Folin-Ciocalteu method [17] .
Extraction yields:
The yields for the organic solvents were in the order; methanol (10.4%) > chloroform (8.3%) > n-hexane (7.0%) > 90% methanol/water (3.1%) > SFE (0.96%). TLC autographic assay: The solvent systems used to develop the chromatograms are given in Table 1 .
After spraying with DPPH, the presence of antioxidants in the extracts was shown up as yellow bands against a purple background [18] . The nhexane, chloroform and SFE extracts behaved in a similar manner showing no activity within five minutes of spraying with DPPH reagent, but weak antioxidant activity was observed (a faint yellow band) after 30 minutes. After 8 hours however, many of the bands observed in these extracts showed activity with DPPH, although some researchers have stated 30 minutes as the time limit for positive results in this assay [19] . Stratil et al., [9] , have stated however, that due to the stability of the DPPH radical, a long incubation time is required for the assays and that lack of reproducibility of results in many published papers could be due to the short incubation times. We concluded that these extracts possibly contain weak antioxidants that display slow kinetics [20] . The methanol and 90% methanol/water extracts showed up bands that decolorized DPPH within 5 minutes. These two extracts thus contained strong radical scavenging antioxidants exhibiting fast kinetics. The TLCs clearly showed six highly active bands in the methanol extract (R f : 0.08, 0.43, 0.57, 0.69, 0.76 and 0.81) and three in the 90% methanol/water extract (Rf: 0.15 broad, 0.78 and 0.84).
The procedure thus provided a rapid visual identification of fractions with antioxidant potential and could serve as the basis for an activity-guided isolation of active compounds in the absence of sophisticated equipment [21] .
Semi-quantitative TLC -DPPH assay:
Three factors were taken into consideration when evaluating antioxidant potential in this assay viz the intensity of the yellow spots, the amount of sample spotted and the length of time taken for spots to appear. A strong antioxidant exhibiting fast kinetics would thus, require a small amount of extract to show up intense yellow spots within 30 minutes. The n-hexane chloroform and SFE extracts behaved in a similar manner confirming the observations from the autographic assay. Faint yellow spots appeared only after 30 minutes at a loading of 100 µg and above for these extracts. The yellow spots became more intense with time, and activity was observed at a lower loading of 25 µg after 8 hours, an indication that these extracts contained slow kinetic antioxidants. The methanol and 90% methanol/water extracts showed strong activity within five minutes of spraying with DPPH reagent and by 30 minutes, the antioxidant activity of these extracts had reached a plateau showing strong activity at a loading of 25 µg with no further change in decolorization of DPPH, confirming their fast kinetics. The standard, ascorbic acid, also showed fast kinetics, requiring only a minimum loading of 5.0 µg for strong activity after 30 minutes. The results showed that the methanol and 90% methanol/water extracts exhibited free radical scavenging potential comparable to that of ascorbic acid, whilst the n-hexane, chloroform and SFE extracts showed a weaker effect and could possibly contain antioxidants exhibiting slow kinetics.
DPPH assay by spectrophotometric method:
The curves for inhibition of DPPH at different incubation times are shown in Figure 1 . shown in Figure 2 . The reaction of gallic acid with DPPH reached a plateau within 30 minutes of incubation and its IC 50 did not vary with time, whilst the inhibition abilities of the methanol and 90% aqueous methanol extracts were almost identical and comparable to that of ascorbic acid. The chloroform, n-hexane and SFE extracts behaved in a similar manner, with IC 50 values greater than 250 µg/mL (Figure 1 ).
The radical scavenging power (RSP) of the extracts and standards was found to be in the order: gallic acid > ascorbic acid > 90% methanol / water > methanol after 2 hours. The RSP of the 90% methanol/water extract was found, after 24 hours, to be higher than that of ascorbic acid. It is important to note that comparing crude extracts (essentially a complex mixture of compounds) with pure compounds needs careful interpretation and thus the individual compounds in these extracts need to be isolated and identified for a comparison of their RSP and reaction kinetics based on reaction stoichiometry and molar concentrations [20] .
Total phenolic content: Many natural antioxidants are phenolic compounds, and thus determination of phenolic content may provide useful information that could be correlated with antioxidant capacity of the sample. The TPC was calculated from the linear regression equation of the standard curve: y = 8.3926x -0.0709.
From this equation, the equivalent concentration of gallic acid x mg /mL, was determined for each extract and converted to mg of gallic acid equivalents/g of dry extract (mg GAE/g). The results are given in Table 2 . The TLC autographic assays showed the root bark of O. lanceolata to be a rich source of highly antioxidative compounds. The spectrophotometric assay confirmed the observations made in the TLC autographic and the TLC semi-quantitative assays. The IC 50 values determined after 30 minutes incubation time showed that the 90% methanol/water and the methanol extract had the highest radical scavenging power with IC 50 values of 48.4 ± 0.4 and 49.5 ± 1.9 µg/mL, respectively, whilst the chloroform, n-hexane and SFE extracts had relatively poor radical scavenging ability with IC 50 values greater than 250 µg/mL. The RSP of the extracts was found to be positively correlated with the total phenolic content. The high RSP of the 90% methanol/water and methanol extracts could, therefore, be attributed to their high phenolic content. Osyris lanceolata is, thus, a potential source of antioxidant compounds. The results of the two TLC assays were comparable to the spectrophotometric assay and could each be used alone to provide rapid preliminary data about plant extracts. Germany) . The solvents used for the extraction process (n-hexane, chloroform and methanol) were GPR grade and distilled prior to use. The methanol and chloroform used in the assays were of analytical grade. The TLC sheets were ready made, aluminum backed and coated to a thickness of 0.25 mm with silica gel 60 F 254 .
Plant material: Several pieces of the roots of O. lanceolata were dug up in our presence by a traditional herbalist in Otse, Botswana, in August 2007. The plant was authenticated by Mr Muzila, University of Botswana Herbarium, and its voucher specimen (coded YEB1_2007) was deposited in the University of Botswana Herbarium. The root bark was separated from the root wood and air-dried in a shaded area for two weeks. The root bark was then ground into powder using a Thomas Wiley laboratory mill (Philadelphia, USA).
Solvent extraction:
The powdered root bark (960 g) was extracted exhaustively and sequentially with n-hexane, chloroform, methanol and 90% methanol/water. The n-hexane, chloroform and methanol extracts were concentrated under reduced pressure using a rotary evaporator and air-dried to yield 67 g, 80 g and 100 g of extract, respectively. The 90% methanol/water extract (30 g) was concentrated under reduced pressure to remove the organic solvents, and then lyophilized.
Supercritical fluid extraction (SFE)
: SFE was carried out on a Speed SFE-4.1 instrument (Applied Separations, Allentown, PA, USA). The powdered root bark (12.5 g) was placed in an extraction thimble and allowed to soak in pure solid carbon dioxide at a pressure of 150 bar and extraction temperature of 40 o C for 4 h. The restrictor outlet temperature was set at 80 o C. The extract (120 mg) was collected at the restrictor outlet directly into a small glass tube containing 10 mL of ethanol.
TLC-DPPH autographic assay: The optimum solvent system was determined for each of the five extracts ( Table 1 ). The chromatogram for each extract was then obtained in duplicate with one chromatogram sprayed with vanillin sulfuric acid and heated with hot air, whilst the other was sprayed with 0.2% DPPH solution in methanol [19] . The TLC plates were kept away from light and observed periodically for 8 h.
Semi-quantitative TLC-DPPH assay: Fifty mL of 0.2 % DPPH reagent in methanol (0.1 g in 50 mL) was prepared and kept in a refrigerator until use. A grid with about 1.0 cm line spacing was drawn in pencil on an aluminum backed TLC sheet. A stock solution (0.08 g/mL) of each extract and ascorbic acid standard was prepared in 5 mL volumetric flasks. The methanol, 90% methanol/water and SFE extracts were dissolved in methanol, whilst the nhexane, and chloroform extracts were dissolved in chloroform. A series of 10 dilutions of the stock solution was prepared such that 5 µL of each solution would contain different amounts ranging from 400 µg for the stock to 0.1 µg for the last dilution. The grid on the TLC sheet was labeled with extract name on the horizontal axis and amount of extract on the vertical axis. A 5 µL sample of each extract dilution was then spotted in the appropriate spot on the grid. As a control, 5 µL of blank solvent were also spotted on the same grid. After spotting, the grid was allowed to air dry for about 2 h. The grid was then sprayed with 0.2% DPPH and observed. Photographs were taken after 30 minutes, 2 h and 8 h. This procedure, described in more detail here, was adapted from that previously used by Juma and Majinda [22] , and Chacha et al. [23] . The main difference is restricting the volume spotted to 5 µL in order to produce spots of similar surface area for a fair comparison of any color changes.
DPPH spectrophotometric assay:
An adaptation of some published procedures [22, 23] The experiment was carried out in triplicate and the IC 50 values were reported as the average of three trials in µg / mL ± the standard deviation. The chloroform, and n-hexane extracts were only partially soluble in methanol thus when preparing the extract solutions, the weighed amounts of these extracts were shaken vigorously with methanol in the volumetric flasks to obtain the methanol extract. The mixtures were allowed to stand for about 1 h and the resulting supernatant solution was used for the rest of the experiment.
Determination of total phenolic content (TPC):
The total phenolic content of the extracts of the root bark of O. lanceolata was determined using a variation of the Folin-Ciocalteau method adapted from published procedures [17, 24] . Briefly, a 1 mg/mL solution in methanol was prepared for each extract. Five different concentrations of gallic acid standards in 80% aqueous methanol ranging from 0.01 to 0.5 mg / mL were prepared. The test sample (standard or extract) solution (0.5 mL) was placed in a 10 mL screw cap test-tube. Five mL of 80% aqueous methanol was added followed by 0.5 mL of Folin-Ciocalteau reagent. After 3 minutes, 1 mL of saturated (ca. 35% w/v) sodium carbonate solution was added.
The mixture was shaken vigorously for 2 minutes and allowed to stand for 2 h. The absorbance of the supernatant solution was determined at 725 nm on a Shimadzu UV-2101 PC UV-VIS Scanning Spectrophotometer using 80 % aqueous methanol as a solvent blank. A gallic acid standard curve was prepared and the TPC of each extract was determined from the curve using the equation derived by linear regression and expressed as mg gallic acid equivalents/g of extract (mg GAE/g). The experiment was performed in triplicate and TPC was expressed as the average value of 3 trials ± standard deviation.
